Introduction: Increasing renal care providers offer home hemodialysis (HD) as a modality choice. There is considerable variation in the provision of after-hours on-call support for self-dialyzing patients and no literature describing the utility of this service. In this prospective, observational study we sought to monitor and classify the number and nature of interactions between home patients and our on-call nurses and technologists, and enumerate the number of adverse events averted by the availability of on-call staff.
INTRODUCTION
There is increased interest in home hemodialysis (HD) in recent years with growing awareness that home HD affords patients greater flexibility in dialysis prescriptions with possible benefits to markers of mineral metabolism, liberalization of diet, reduction in medication burden, and a possible survival advantage. [1] [2] [3] [4] [5] [6] Home HD is also attractive from a payer perspective as it appears to be less expensive in many jurisdictions compared to conventional in-center hemodialysis. 7, 8 It is now standard of care in many developed countries to offer home HD, and in fact, in the United States the Center of Medicare and Medicaid Services (CMS) mandates all patients in that country be educated about and offered home-based dialysis. However, reality continues to lag behind the desired result of increased uptake with far fewer than 5% of all end-stage renal disease patients in most industrialized countries actually receiving home HD (the notable exceptions being Australia and New Zealand). 9 Inexperience at running and growing a home HD unit are commonplace, and concerns about technique failure and patient safety remain, despite the demonstration that home HD is very safe with a low serious adverse event rate. 10, 11 To mitigate the concerns for patient safety, home HD programs routinely offer on-call patient support services from nurses and/or technologists or outsource such support to vendor-provided helplines. A recent survey of Canadian practice patterns among home HD providers revealed considerable variation in how after-hours support is delivered. 12 Some programs provide this service in-house while others consign this to a third-party. Irrespective of care delivery model, there is no literature describing the call volume or the nature of these calls, and no indication whether provision of this service averts adverse events. As part of a quality assurance audit of our program, we sought to prospectively monitor patient-initiated telephone calls to our on-call nurses and technologists for a 4-month period to better understand why patients are using this service and whether the availability of on-call staff allowed patients to initiate or resume their treatment without interruption of their dialysis schedule.
METHODS

Program description
The contemporary home HD unit in the Northern Alberta Renal Program (NARP) began in 2001. Our programmatic philosophy encourages patients to perform nocturnal HD but all other conventional or intensive HD prescriptions are supported. Patient recruitment to home HD is not restrictive and anyone able to complete the 6-week training program independently or with a care partner is eligible. Our program does not have a priori criteria for literacy, dexterity, or living arrangements, meaning that any patient motivated to learn the procedures is given the opportunity. Patients living alone are permitted to perform self-administered dialysis without the presence of another person in the home provided they have demonstrated hemodynamic stability during the training period. The home HD training curriculum is taught by nurses and technologists over 6 weeks though this is individualized to match a patient's learning needs. Training includes all aspects of machine setup, tear down, maintenance and disinfection, water sampling, and managing alarms. Patients are taught to collect and store their own predialysis and postdialysis blood samples for routine monthly blood work. We accept all forms of vascular access and have no strong preference for arteriovenous fistulae (AVFs) or grafts over tunneled-cuffed central venous catheters (CVCs). For patients using an AVF we preferentially teach the rope-ladder cannulation technique though also support buttonhole cannulation for patients with particularly tortuous fistulae or short usable access segments. Training occurs on 4 days per week for approximately 6 hours. Everyone is administered an open book exam at the end of the curriculum. Blood pressure medications and phosphate binders are already titrated during the training period.
Once training is complete, patients are accompanied in their home by their training nurse and a technologist for the first independent home treatment. We do not provide real-time remote monitoring. Patients are typically reviewed in-person in the home HD unit after 1 month and then at 3-month intervals thereafter. Routine blood work is performed once monthly.
Once home, patients are encouraged to call the unit with any concern relating to their dialysis treatment, and since program inception, we have provided patients with access to a 24-hour on-call nurse and technologist, 7 days a week. The on-call staff may be contacted any time from 15:30 to 07:30 on weekdays and at any time on Saturdays and Sundays. Our unit is operational Mondays to Fridays between 07:30 and 15:30 and patients are instructed to direct their questions to the unit staff during those hours. Staff is typically assigned over night oncall duties in 1-week blocks. On-call staff is paid a stipend for each hour of on-call availability; any call irrespective of how short triggers a minimum of 30 minutes pay at double the usual hourly registered nurse wage. This service is not out-sourced so patients and staff know one another. All telephone calls to the on-call service are logged in an electronic record at the time of interaction. Patients do not have access to on-call physicians so all issues of an urgent medical nature of triaged by the oncall nurse or technologist.
Dialysis prescriptions
The intensity of the home HD prescription is decided jointly between patients and the clinical team, and is driven by the patient's goals. This is described in detail elsewhere. 13 Briefly, conventional HD prescriptions were defined as treatments lasting ≤4 hours thrice weekly, intensive conventional HD was defined as treatments lasting 3-6 hours on 4-7 days per week, and long HD treatments lasted >5 hours on 3-5 nights per week. Short daily HD treatments lasted <3 hours on 5-7 days per week. All home HD patients perform dialysis using conventional HD equipment modified for the home (Formula Domus; Bellco). Typical dialysate composition includes sodium 137 mEq/L, potassium 2-3 mEq/L, calcium 1.5 mmol/L, and bicarbonate 35 mEq/L. Blood and dialysate flows tend to be 200-300 mL/min and 300 mL/min, respectively, for treatments >5 hours; and 300-400 and 500 mL/min, respectively, for treatments lasting <5 hours. Patients use systemic heparin during dialysis, and CVCs are locked with citrate.
Study protocol
From May to September 2012 we prospectively monitored all patient-initiated telephone calls to our nursing and technologist on-call services. Time of day/night and day of the week were recorded, as was the call duration. The nurse manager of the home HD unit and most senior technologist reviewed all call logs within 24 hours and categorized the calls as outlined below; ambiguities were discussed with the staff member who logged the call and categorization occurred by consensus if necessary. Whether a patient was able to initiate or resume dialysis treatment without interruption of their treatment schedule as a result of their telephone query was also recorded. Outcomes of issues directed to the technologist were further subcategorized if an in-home service call was needed or averted by the on-call technologist; this was decided by the on-call technologist and communicated to the nurse manager who tabulated all results. Because this constituted a quality assurance audit of a routine process of care in our program, and involved only aggregate programmatic data, we did not seek ethics board approval, as per our institutional policy.
Nursing calls were categorized as (1) clinical/nursingrelated, which included (but was not limited to) questions regarding blood pressure, target weight, ultrafiltration, vascular access, cannulation, medications, and psychosocial support as may be needed for patient reassurance, (2) machine setup or alarm-related, which included any troubleshooting of the machine in order to initiate or resume treatment, (3) technical issues with the HD or reverse osmosis machines that required a technologist to resolve, usually by a home visit for machine maintenance or exchange, (4) nonurgent calls, which included nontreatment-related questions that could easily have been deferred to regular office hours or nonemergent medical questions that were clearly unrelated to dialysis or renal care, and (5) clinical issues of a serious nature with a potential for harm, which included (but was not limited to) blood loss, dialysate leak, air embolism, hemodynamic instability, presumed sepsis, or any other medical emergency whether related to dialysis or not.
Technologist calls were categorized as (1) machine setup, which, as above, included any troubleshooting of the machine to initiate or resume treatment, (2) equipment malfunction, including machine error codes or alarms unrelated to setup, concentrate errors, stuck pumps, blue screen alarm/machine unable to boot, no power to equipment, no water alarm, failed ultrafiltration test, leaking hoses, and problems with disinfection, (3) water-related, including water cart leaks, faulty gauges, problems with water supply, noisy reverse osmosis machine, and flooding, and (4) not technical in nature. As calls were patient-initiated, patients themselves decided whether to consult with a nurse or technologist based on their interpretation of the problem and the probable resource needed for resolution.
RESULTS
Program summary
Between May and September 2012, there were 58 patients actively managed by our home HD unit. Baseline characteristics of these patients are summarized in Table 1 . At the time, the majority of patients (52%) received some form of nocturnal HD, while only 9% received short daily HD. The remainder was treated with conventional HD (22%) or some variation of an intensive conventional HD prescription (17%). The care team comprised of 2.6 full-time equivalent (FTE) registered nurses for patient training and follow-up, 3 FTE biomedical technologists, 3 rounding physicians, and 0.6 FTE clerical support staff. One social worker, registered dietician, and supply clerk each was shared with other parts of the broader renal program.
Call categories and outcomes
During the 20 weeks of observation, the on-call staff responded to 271 calls of which 172 were directed to the on-call nurse and 99 were directed to the technologist. Nurses addressed 239 separate issues during their calls (patients may have raised more than one issue during their interaction), while technologists addressed 106 issues. The average volume of on-call issues directed to nurses and technologists was 1.4 calls/week/10 patients and 0.8 calls/week/10 patients, respectively. Calls were received on all days of the week and at all hours of the day or night as shown in Figure 1 . The median (IQR) duration of calls to nurses and technologists was 4 (2-6) and 4 (2-9) minutes, respectively.
The majority of patient queries directed to nurses were clinically related (109/239%-46%). These included 5/239 issues (2%) or 5/172 calls (3%) deemed serious or potentially serious with a risk of harm if not dealt with immediately. The nature of these latter calls involved infectious complications, vascular access thrombosis, and cardiovascular compromise (Table 2) . Machine setup or alarms accounted for 67/239 issues (28%), technical problems requiring follow up with a technologist accounted for 36/239 issues (15%), and 27/239 calls (11%) were deemed nonurgent. Eight of 172 (5%) nursing calls came from on-call technologists who alerted nurses to a nursing related patient concern. These data are summarized in Figure 2a . There were 84 calls to nurses where dialysis initiation or continuation was in jeopardy (not including calls which nurses triaged to the on call technologists-which are tabulated with the technician on call results). The majority (63/84, 75%) of the calls to nurses resulted in initiation or resumption of the patient's dialysis treatment.
Of the 106 issues directed to on-call biomedical technologists, 45/106 (47%) related to machine malfunction, 25/106 (24%) related to troubleshooting machine setup, 24/106 (23%) related to the water system, and 12/106 (11%) were not technical in nature and thus redirected to the nursing staff. Additionally, 6/99 (6%) of calls received by the biomedical technologists were from oncall nurses with requests to attend to a patient's technical queries. These data are summarized in Figure 2b . The 
DISCUSSION
While most, if not all, home HD programs provide some form of after-hours on-call patient support service (whether in-house or outsourced), there is currently no published data on the organization, utilization, and the outcomes of this aspect of home HD care delivery. 14 The current report describes the logistics of on-call nursing and technologist support for the Northern Alberta Renal Program home HD unit and benchmarks the average utilization of after-hours nursing and technologist calls at 1.4 and 0.8 calls per week per 10 patients, respectively. The call volume to the on-call staff in the late afternoon, evenings, overnight, and at all times over the weekend, substantiates that patients performing home HD avail themselves of the flexibility to create their own dialysis schedules and use the support that is provided them. The majority of calls directed to nurses are clinical (typically pertaining to questions of ultrafiltration volumes, blood pressure, cannulation, etc.) and machine setup or alarms; the majority of calls directed to technologists pertain to machine setup or alarms, or another machine problem that would preclude successful dialysis. Importantly, the on-call nurse or technologist was typically able to assist the patient initiate or resume their dialysis, and thus avert disruption of the patient's treatment schedule.
These results have a number of important implications. First, this report adds to the literature of patient safety and patient reassurance in the conduct of home HD. Despite previous reports demonstrating a lowserious adverse rate in home HD, 10 patients and providers often cite fears of catastrophic events as a barrier for the uptake of home dialysis. 15, 16 The provision of after-hours on-call support can considerably allay such worries and provide reassurance that a serious adverse event may be prevented. It is reassuring that among the 239 issues raised with the on-call nurses only five were deemed to be of a more serious nature, and we speculate that one of the reasons why home HD has such a lowserious adverse event rate is that patients are taught to solicit help when they have questions or there are abnormalities in the course of their treatment, and in turn, experienced on-call nursing staff appropriately manage or triage patient-raised issues before patients deteriorate. A traditional patient safety framework typically revolves around how the health care system can prevent harm from coming to patients, with the onus on the provider. We previously described that with the delivery of home HD, however, there is a partnership between the health care team and the patient who is self-administering a lifesustaining therapy in the absence of direct supervision. In this relationship, each party has responsibilities to the other, and unlike traditional patient safety doctrine where the emphasis is on preventing errors, the home HD setting must recognize that prevention alone is insufficient; a mitigation stance to minimize injury in the event an error does occur is paramount. We, and others, 14 see the provision of on-call nursing and technologist services as an essential programmatic obligation to the patient for both prevention and mitigation of adverse events. This provides patients reassurance of support if an adverse event occurs, and while our investigation did not assess a patient reported experience measurement concerning home HD, we speculate that on-call support is likely central to a positive patient experience with independent dialysis.
A second outcome of our study is that nearly all patient-initiated calls to the on-call nurse resulted in the initiation or resumption of dialysis therapy. Similar results were observed for calls directed to technologists. One of the most frequently cited benefits of home HD is the ability to perform dialysis on one's own schedule at a frequency and duration of one's choosing. The absence of on-call staff to address clinical, technical, or logistical issues can result in missed or respite treatments that potentially affect a patient's clinical status. Unscheduled in-hospital treatments also disrupt facility-based dialysis schedules and adversely affect a patient's quality of life by necessitating a disruptive in-center treatment. That the majority of patient-raised concerns resulted in seamless continuation of patients' treatment schedules underscores the ability of the staff to respond to and resolve both simple and complex patient needs. Because our program provides in-house on-call support staff where that staff has personal knowledge of the patients and their physical home environments, our results may be different from programs which outsource technical support to depersonalized, protocol-driven, vendor-provided helplines. The latter has even been hypothesized to play a role in the high technique failure rate observed in the United States. 17 Of course, providing on-call support does not occur without a cost to the health care system. While a detailed economic evaluation of these services was beyond the scope of our study, we estimate that our on-call nursing support costs our program approximately $25,000 per year for 60 patients (based on the number and duration of nursing calls; 2012 Canadian dollars). The cost of oncall technologists is likely lower due to fewer calls. The presence of on-call services also provides some reassurance to patients and providers in the absence of real time remote treatment monitoring, which itself, is extremely costly and would not negate the need for live person-toperson support. 18 Obviously, the costs of any on-call system are highly influenced by local pay grades, overtime policies and on-call premiums, so that these expenses cannot easily be generalized. However, considering the cost of 1 year of center-based hemodialysis in Canada is approximately $100,000 per person, 8 the provision of on-call support services to our entire home HD unit seems to represent very good value for money.
This study has two important limitations that must be considered. First, our 20-week observation period is relatively short and while we contend this period is representative of weekly on-call call distribution and call volumes, it is not long enough to capture all types of potentially serious adverse events (given their rarity). Second, the generalizability of our observations is limited to programs similar in dialysis prescription distribution as ours. Programs with a greater proportion of patients performing nocturnal HD might expect a larger proportion of calls during overnight hours, while a program that does not offer nocturnal HD would not incur any calls during this period. Obviously, labor costs are highly variable and each program needs to consider the balance between patient safety and reassurance, and the expense associated with providing support 24 hours a day, 7 days a week.
The programmatic practice of offering on-call support services (in some capacity) for home HD patients is common in many jurisdictions. As such, it is surprising there is no literature concerning this common, time-consuming, and costly aspect of home HD care. We benchmark the call volumes for both on-call nurses and technologists, and document the most common reasons for patients to activate this service. While associated with a cost to the health care system, the on-call service allows patients to initiate or resume their usual treatment schedule thereby minimizing disruption to the patient, and in a small but important proportion of calls averts more serious complications by directing patients to more appropriate levels of care. 
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